INTRODUCTION {#sec1-1}
============

Carcinoma of unknown primary (CUP) origin is a heterogeneous group of cancers defined by the presence of histologically proven metastatic disease with no identifiable primary tumor at presentation. Between 5% and 10% of all cancer patients are diagnosed with metastatic lesion of an unknown primary tumor.\[[@ref1]\] Complete evaluation should include a detailed clinical history and physical examination including pelvic and rectal examination, complete blood count and biochemistry, urinanalysis and stool occult blood testing, histopathological review of the biopsy material with the use of immunohistochemistry, chest radiography, computed tomography (CT) of the abdomen and pelvis, and in certain cases, mammography.\[[@ref2]\] The inability to locate primary tumors prevents undertaking the optimal therapies, which in addition to is dependent on tumor differentiation, tumor location, and tumor stage as determined according to the tumor node metastasis system,\[[@ref3]\] thus negatively affecting the patient outcome. CUP constitutes seventh to eighth most frequently occurring cancer in the world and the fourth most common cause of cancer-related death in both men and women.\[[@ref2][@ref4]\] Better patient outcome requires detection of occult primary for appropriate treatment planning. A few studies that have investigated the survival aspect have also highlighted the importance of detection of the occult primary in bettering survival in these groups of patients.\[[@ref5][@ref6]\] One meta-analysis reviewed the diagnostic accuracy of 18F-fluorodeoxyglucose positron emission tomography/CT (FDG-PET/CT) in CUP and reported the detection rate of primary tumor to be 37%.\[[@ref7]\] The aim of the present study was to retrospectively evaluate our institutional data for the usefulness of FDG PET/CT in patients with CUP.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a retrospective, cross-sectional survey of patients with CUP syndrome who were referred for ^18^F-FDG PET-CT studies during the period of March 2013 to February 2015 and reviewing the patients\' records for assessing the results.

FDG-PET-CT scans were performed in compliance with the standard whole-body protocol, i.e., at least 6 h of fasting and were carried out with injected FDG radioactivity dose between 259 MBq and 370 MBq. The time from FDG injection to PET data acquisition was between 60 and 90 min. PET/CT scanning was acquired from the skull base to the upper third of the thighs. Non-enhanced, low-dose attenuation correction CT (110/70 kV/mAs) was performed for all patients. The scans were undertaken in a time-of-flight PET-CT scanner (Gemini TF PET/CT, Philips Medical Systems, USA).

Twenty patients clinically designated with CUP syndrome fulfilling the inclusion criteria were included in this analysis, which comprised 14 females and 7 males (mean age of 57.95 years; age range 42--70 years). The patients were subdivided into two groups: A - Those with histopathological proof of metastatic disease with unknown primary tumor -- 12 in number. B - Those with clinical/tumor markers/radiological suspicion of malignancy (where biopsy was not possible) along with symptomatology of profound weight loss and/or progressive weakness -- 9 in number.

Visual assessment was done by evaluating the attenuation corrected and uncorrected PET images with anatomical localization of the hypermetabolic foci using the corresponding CT images. The patient\'s history, distribution, and pattern of spread of different tumors were taken into consideration.

RESULTS {#sec1-3}
=======

Among the twenty patients were examined using PET/CT, 14 (65%) patients were females and 7 (35%) were males. The mean age of the study group was 57.95 years, with a range of 42--70 years.

A - Those with histopathological proof:

Out of the 21 enrolled patients, 12 had histopathologically proven metastatic disease with an unknown primary tumor. The lymph nodes were the most frequent site of metastasis, observed in 9 of 20 patients (75%). This was followed by brain (*n* = 2 or 16.67%) and liver metastases (*n* = 1 or 8.33%). The details of metastatic site and histopathologic tumor types are listed in [Table 1](#T1){ref-type="table"}.
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B - Those with clinical/tumor markers/radiological suspicion of malignancy:

Six out of nine patients (66.7%) presented with clinical and radiological suspicion of malignancy had hypodense/enhancing lesions in the brain and three out of nine (33.3%) had altered marrow signal intensity of spine \[[Table 1](#T1){ref-type="table"}\].

Overall, hypermetabolic lesions indicating the primary tumor sites were identified in 14 patients (66.7%). Twelve out of these 14 primary sites were subsequently proven by histopathology \[[Figure 1](#F1){ref-type="fig"}\]. Two patients with biopsy-proven metastatic lesions in brain, with suspicious primary site in lung had shown intense uptake in the putative site of primary by FDG-PET/CT and also multiple other metastatic sites, were not biopsied and were subsequently enrolled for palliative chemotherapy.

![^18^F-fluorodeoxyglucose-positron emission tomography/computed tomography in 52 year old female with fine-needle aspiration cytology proven metastatic cervical lymph nodes. (a) Whole body maximum intensity projection image. (b) Axial fused positron emission tomography/computed tomography and computed tomography image showing luorodeoxyglucose avid thickened left aryepiglottic fold, subsequent guided biopsy confirmed it as primary site. (c) Axial fused positron emission tomography/computed tomography and computed tomography image showing fluorodeoxyglucose avid metastatic left cervical lymph nodes](WJNM-17-219-g002){#F1}

No primary site could be identified in seven (33.3%) patients \[[Figure 2](#F2){ref-type="fig"}\], in which scans were either positive only for known metastatic site with no identification of primary site \[Group A\] or with either unremarkable PET-CT scans without any abnormal hypermetabolic site \[Group B\].

![^18^F-fluorodeoxyglucose-positron emission tomography/computed tomography in 55 year old female with biopsy proven metastatic left inguinal lymph nodes. (a) Whole body positron emission tomography maximum intensity projection image showing abnormal fluorodeoxyglucose uptake in left inguinal region. (b) Axial Fused positron emission tomography/computed tomography and computed tomography image in metastatic left inguinal lymph nodes. Primary lesion could not be detected](WJNM-17-219-g003){#F2}

The identified primary tumor sites were lung 9/14 (64.4%), uterus/cervix 2/14 (14.3%), breast 1/14 (7.1%), esophagus 1/14 (7.1%), and aryepiglottic fold 1/14 (7.1%). When the results were examined individually in each of the Group A and Group B, the primary tumor detection rate was 58.3% and 77.7%, respectively.

DISCUSSION {#sec1-4}
==========

CUP represents a diverse group of cancers, in which despite detailed workup (medical history, clinical examination, and extensive imaging procedures), primary site could not be identified; generally, patients with CUP have a poor prognosis. Even after extensive diagnostic evaluation, antemortem diagnosis is possible in only 30%. Several hypotheses have been put forward such as spontaneous regression or immune-mediated destruction of primary tumor or the inherent small size of primary tumor (metastatic spread is favored above local tumor growth.\[[@ref2][@ref8][@ref9][@ref10]\] Several studies have highlighted the importance of detection of occult primary as better survival was observed in patients in whom a primary tumor was eventually detected.\[[@ref5][@ref6]\] In one study investigating the importance of primary tumor localization showed 3-year survival for patient with occult oropharyngeal cancer was 100% after treatment compared to 58% for patients with unknown primary tumor.\[[@ref5]\] Several studies have evaluated the performance of FDG PET/CT in the evaluation of CUP. The estimated tumor detection rate for PET/CT was 31% for Dong *et al*.\[[@ref11]\] Meta-analysis by Kwee *et al*. comprising a total sample size of 433 patients with CUP reported overall primary tumor detection rate, pooled sensitivity, and specificity of 37%, 84% (95% confidence interval \[CI\] 78%--88%) and 84% (95% CI 78%--89%), respectively.\[[@ref7]\] Pawaskar *et al*., in their review, reported tumor detection rate (after the failure of conventional imaging procedures) between 30% and 37% and the pooled sensitivity and specificity of FDG PET/CT in the range of 80%--85% though some variations in results among various studies were observed owing to the heterogeneity in the study population and criteria used for defining CUP.\[[@ref8]\] Another meta-analysis on performance of FDG PET for primary tumor detection reported tumor detection rate between 24.5% and 43%, sensitivities ranging between 87% and 91.9%, and specificities ranging between 71% and 81.9%.\[[@ref12][@ref13][@ref14]\]

The incidence of CUP is strongly related to age, with the highest incidence rate in older men and women.\[[@ref15][@ref16]\] Similar statistical data were found in our sample (mean age of 57.95 years), with the majority were in the age group of 50--70 years.

In our study, primary tumor detection rate was noted in 66.7% of cases and this was in keeping with the studies in the literature that reported rates between 22% and 73%.\[[@ref7][@ref17]\] FDG PET-CT could not localize primary tumor site in 33.3% of patients.

In addition to the primary tumor detection in patients with CUP, FDG-PET/CT enables accurate whole body disease staging allowing appropriate treatment planning and thus improving patient prognosis.\[[@ref7]\] In addition to detection of the primary, the clinical impact of FDG PET-CT in the evaluation of patients with CUP could also be envisaged in the disease management either through detection of more secondaries or evaluating a critical lesion which requires urgent intervention (additional characterization such as lesion compressing the vertebral column or critical bone lesion which can be included in the targeted radiation field) and provide immediate symptomatic relief. Furthermore, CUP may represent a separate group of cancers with genetic and phenotypic characteristics with unique clinical presentation, in which the primary focus should be identification of treatable cause.\[[@ref8][@ref10][@ref18]\] Despite a number of studies have documented high sensitivity and specificity of PET/CT in CUP, there remains some shortcomings of this modality. One of them being false positive finding and the other false negative study, both of which remains as a subject of concern with PET/CT.

CONCLUSION {#sec1-5}
==========

FDG PET/CT is a useful diagnostic technique in the evaluation of patients with CUP. Further improvement in PET/CT scanner resolution, image analysis algorithm, and other parametric data could further increase the sensitivity. Being a whole-body technique, it can additionally aid in disease staging in these patients which is potentially helpful in their clinical management.
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